The marine phycotoxin gymnodimine targets muscular and neuronal nicotinic acetylcholine receptor subtypes with high affinity.
Gymnodimines (GYMs) are phycotoxins exhibiting unusual structural features including a spirocyclic imine ring system and a trisubstituted tetrahydrofuran embedded within a 16-membered macrocycle. The toxic potential and the mechanism of action of GYM-A, highly purified from contaminated clams, have been assessed. GYM-A in isolated mouse phrenic hemidiaphragm preparations produced a concentration- and time-dependent block of twitch responses evoked by nerve stimulation, without affecting directly elicited muscle twitches, suggesting that it may block the muscle nicotinic acetylcholine (ACh) receptor (nAChR). This was confirmed by the blockade of miniature endplate potentials and the recording of subthreshold endplate potentials in GYM-A paralyzed frog and mouse isolated neuromuscular preparations. Patch-clamp recordings in Xenopus skeletal myocytes revealed that nicotinic currents evoked by constant iontophoretical ACh pulses were blocked by GYM-A in a reversible manner. GYM-A also blocked, in a voltage-independent manner, homomeric human alpha7 nAChR expressed in Xenopus oocytes. Competition-binding assays confirmed that GYM-A is a powerful ligand interacting with muscle-type nAChR, heteropentameric alpha3beta2, alpha4beta2, and chimeric alpha7-5HT(3) neuronal nAChRs. Our data show for the first time that GYM-A broadly targets nAChRs with high affinity explaining the basis of its neurotoxicity, and also pave the way for designing specific tests for accurate GYM-A detection in shellfish samples.